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The  Design  of  a  Reinforced  Concrete  Arcli  Bridge. 
Data: — 

The  design  of  t.  Ms  "bridge  was  made  to  cover 
an  actual  case, with  the  exception  of  its  length.   In  the  actual 
case  five  spans  of  50  ft.  each  and  t^ro  of  40  ft,  would  be  nec- 
essary,while  for  the  purpose  of  this  design, one  span  of  50  ft. 
aniSof  40  ft.,v;ere  oliosen.   The  piers  and  abutments  are  set  on 
a  solid!  limestone  rock  foundation.   The  Elevation  of  the  crcwn 
of  the  road  at  the  ends  is  19.15  ft.jthe  bottora  of  river  is 
4.5  ft. , and  practically  level.   The  assumed  elevation  of  spring- 
ing live  is  8,5tt,      Width  of  road  was  assumed  as  24  ft. jtogether 
with  ibvo  sidewalks  of  6  ft.  each, gives  a  total  v/idth  of  Roadway 
of  36  ft.   The  Roadway  v/as  given  a  grade  of  5^  from  the  ends 
towards  the  center. 

In  the  following  discussion  all  figures  will  refer  to  the 
50  ft.  span  arch.   The  design  of  this  arch  will  be  given  in 
detail, while  merely  the  figures  for  the  40  ft.  span  will  be 
given. 

Vertical  Dead  Load: — 

The  weight  of  concrete  v;as  taken  as  130  #  per  cu. 

ft., the  earth  filling  as  100  #  per  cu.  ft.   The  factor  of  sr^felj/ 

for  the  dead  load  is  four  (4). 

of 
The  line  of  stress  of  the  arch  was  assumed  to  b_e/parabolic 

form.   For  the  50  ft.  arch, a  rise  of  8  ft.  was  assumed.   From 

existing  structures  and  plans  made  by  the  St. Louis  Expanded 

aMetal  Company, a  rough  plan  of  the  arch  ring  was  drawn, thickness 
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of  crown  as  lo  in., of  haunches  24_ in.   By  scale, the  actual  dead 
load  of  the  arch  was  computed.   "For  figuring  the  stresses, the 
loads  were  assumed  as  applied  at  10  panel  points  numbered  as 
shown  in  sketch.   In  table  '""concrete  area  is  the  area  of  the 

arch  ring  at  the  panel  point. 
This  multiplied  by  the  1:^0, 
gives  the  weight  of  the 
concrete  applied  at  that 
point, the  arch  ring  being 
assuiaed  to  be  one  foot  wide. 

.Liicewise  the  area  of  filling 

c 
was  scaled, and  this  multi- 
plied by  100  gives  the  weight 
of  filling.   The  siixa  of  these 
two  X  the  factor  of  safety 
of  4, gives  the  Dead  panel 
load  for  that  point. 
Vertical  Lijfe   Load:-- 

A  concentrated  load  of  a  20  ton  Road  Roller, on 
2  arches, 5  ft.  long  and  10  ft.  between  centers, was  used  to  de- 
terraine  an  equi-yalent  uniformly  distributed  live  load. 

This  load  of  40,000  lbs.  can  be  considered  as  distributed 
over  20  ft.  of  roadway  or  equals  2000  lbs.  per  line-al  foot  of 
Roadway.   The  axles  being  5  ft.  long,  the  broad  tires  of  the 
roadroller  would  further  distribute  the  load  over  about  10  ft. 
of  widthjgiving  a  load  of  200  #  per  lii|eal  feet  of  arch  one 
foot  wide. 

The  actual  pressure  on  the  arch  rib  is  much  less  than  at 
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the   crOATi   i.e.    the   earth  filling  further  diBtributes   the  Live 
Load.      The  angle   of   repose  being  laore   nearly  vertical   in   all 

probability  than   ordinary  earth, in 
equilibriwajsa^'-   l/2   to    l,tlie 
2000  #  distributed  over    10   Pt,,at 
the  sur   face   at  a  depth   of  h, 
■belo".v  the   surface  -would  be  dis- 
tributed over   10  fh.    feet.      The    load  per  sq.    foot   of   arch  then 

is   2000  #     and  with  a  factor   of   safety   of   eight    (8)    gives   the 

l^Tf  h. 
Live  Load  ijer   sq.   foot   as   16000  The  Live  Load  per  panel   point, 

lOTh.  , 

panels  being   5  ft.,  -  80 , 000   .  ""h'.   was  measured  from  the   sketch  and'- • 

lO-fh." 
the   Live  Load   for    the  different   points    calculated   .(See  table). 


Horizontal  Dead  Load:— - 

According   to  Eaaikin's    earthwork  fornmlae ,  the 

horizontal    intensity   is   to   that   of   a  vertical   load  as    1:3  when 

o"  o 

angle   of   surfacerO  and  angle   of   repose r30    . 

Moweyer  the  horizontal  pressure  acts   on  sraaller   surface 

than   the   corresponding  vertical   load  i.e., if   p-  panel  length, h- 

vertical  distance  between  adjacent  panel  points.      P- vertical 

load  and  h^  hori;jontal   load,  h-I^bi   .      The  Horiz  ont   al  Dead  Loatte 

3  p 
were  accordingly  calculated, 

Horizonital  Live  Load:  — 

Was    calculated   in  a  similar  manner. 

Strefises;:-- 

The  stresses  in  the  arch  rib, due  to  oending  moment. 


.( 
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thrust , and  shear  were  figured  according  to  Prof .Greene ' s 
method  as  given  in  his  book, ^Trusses  and  Arches"Part  111, Pages 
60  to  62;  &   116  to  119,   The  arch  ril)  is  considered  to  be  of 
Parabolic  shf^pe  with  fixed  ends.   The  actual  tables  for  cal- 
culating the  bending  moments  ,thnists  and  shear, were  taken  froia 
Walter  W.  Colpjfitts  ♦  book  on  the  '•Calculation  of  the  Stresses 
and  Practical  Design  of  Structures  of  Steel  Concrete."   The 
figures  in  the  tables  as  given  in  the  latter  are  raer  ely  those 
of  Greene  multiplied  by  t7;elve,to  reduce  the  bending  luoiaent  to 
inch  Tjounds .   It  wag  not  considered  necessary  to  reproduce  these 
tables  as  thew*  constants  can  be  found  in  text  books  and  back 
numbers  of  the  Engineering  Ne;vs. 

The  Actual  figures  however  are  given  in  the  follov/ing 
tables :  - 

Bending  Moment .Vertical  Live  Load  Table 

Horizontal  »    "*    •« 

Vertical  Dead   "    " 

Horizontal  »    "    >« 

Thrust     "    "    * 

Shear  n  n  m 

Teraperature ;  -- 

Again  according   to  Prof.    rrreene,the  Bending 
Moment  at   the   crovm  due    to   a  ciiange   of   teraperature  -z, 

15        te  E   I 

4  ^  32:  "k 
o 
If  t3{75  ¥.  ,and    e  -  Coeff  .of   expansion   of   concrete  -5.0000055  per 

degree  PJE^Mod.  of  Elasticity  of  concrete  t=  3, 000, 000  pounds 

per  square  inch, and  I -Moment  of  Inertia  of  Section  at  crown 
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then  M  -  387  1  -^Kc  "-  ^^^^  A 

t       K 

At  the  springing  point, the  "nending  jaoment  \'a   tvi-ice  that 
at  the  crov;n  or  774  I 

Tl-ie  Horizontal  thi*ust  \inder  the  saiae  oonditions  96  I    . 
Shear  due  to  a  change  of  teiaperature  was  considered  to  be  so 
small  as  to  "be  negligihle. 

By  multiplying  the  bending  moment  at  the  crown  by  the 
follov/ing  factors, the  bending  /aoment  at  the  respective  panel 
point  may  be  obtained. 

Panel  Points  Abut.      1     2      3      4     5 
Factors  2        .92    .08    .52    ,88   )(1.Q 

These  factors  are  obtained  ]:)y  assiuning  a  uniformly  dis- 
tributed load  as  having  the  saiie  effect  as  that  due  to  a 
change  of  temperature.   The  bending  moment  at  each  panel  point 
due  to  a  unifona  load, can  be  calculated  from  the  tables  in 
terras  of  the  load, and  then  a  ratio  established,  between  the 
moments  at  the  various  points  and  that  at  the  crown. 

It  is  necessary  to  have  a  value  of  the  moment  of  inertia 

at  the  cr07;n.   C  onsider  the  fonaula  for  Bending  rioiuent  as  de- 

^'Vjiere  F  ^tension  or  conpression  in 
duced  in  Mechanics  K^PI 

y. 

outer  fibre  and  y .    is    the   distance   of    that  fibre   to   the   neutral 

axia,and   I  the  moment    of    inertia     then   I—   )^ 
11^  Ye, 


Fe 


Then  finding  the  stress  F^#  due  to  the  maxiiiuia  moment, 
resulting  from  dead  and  live  loads  and  calculating  the  distance 
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y.  ,by  methods  hereafter  to  be  exijlained.   I  can  he  obtained  / 
and  consequently  ];ending  moment  and  thrust  due  to  temperature. 

In  the  design  of  sections  Prof.  Hatt's  theor^^  was  adopted 
as  being  the  most  easily  deduced  and  rational.   The  deduction 
of  his  forrauilae  are  given  in  Engineering  He-^ifs.  ¥01.47,  P.  170 
and  a  brief  outline  of  it  follows. 


Theory  of  the  Sti'ength  of  Beaias  of  Reinforced  Concrete 
by  Prof.  W.  Kendriek  Hatt. 

Engineering  News.  Vol.  47  P. 170 

An  arch  ring  is  considered  as  a  beam  in  v;hioh  each  face  ma^r 

be-^tensian. 

A,  Steel  -  Modulus  of  Elasticity  =  E  :r  30,000,000  lbs. 

s 
Elastic  Limit  -f  ^30,000  lbs. 

B..    Concrete    in   coinpression  #,Mod.    of  Elasticity 

E  c  c  2,400,000    lbs. 

Compress iT^e  strength  =c  -  2000   lbs.=  maximum 

£,  Concrete    in   tension  strength -_!  of  c^ZOO   lbs. 

10 
Comptitat  ion:  — 

Material   like   concli^ete   is    not   perfe<itly   elastic.    The 

stress -strain   curve    is   not    therefor  uQixfaix  a  straight   line    up   to 

the   elastic    limit  and  Hooke*s  Law   cannot  be   assiiraed  to  hold. 
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The  problari   is   to   corapute   the  ultijiiate  or  breakins   load  of   a 
beaia. 

ABsmnptions : --The   cross   sections    of    the  beaL-i  remain  plane 
surfaces   during  flexure. 

2. The   applied  forces   <*a«l  perpendiciila.r  to   the   neutral 
surface   of   the3  beaBi, 

3,  It    is    assuiued  that    the   pressure    of  the  material 
surrounding  any  eleraentar^/^  fibve  will  not  modify  the   effect  of 
the   stress    on   the  fibre  but   that   the    latter  v.'ill  elongate    or  be 
compressed  just   as    if    it  were   under  that    load  b^"-   itself   in   a 
testing  iiiachine. 

4.  There    is   no   slipping  between   the  faces   of  the 
wire   and   the   surrounding   concrete. 

5,  Tlie   elastic    limit  of   the   concrete    is   exceeded  in 
both  the   compression   and  tension  flanges, 

6.  There   are    no    initial  stresses   due   to    shrinkage 
or   expansion,    of   the   concrete  while   setting. 

The   stress-strain  diagram  may  be   used   to   represent 
the  Law   of    increase   of   Stre:js  as  we   go   from  the   neutral  axis 
TT 


outward. 
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Pig.  3.  illustrates  the  state  of  stress  as  adopted  by  Prof, 
Hatt. 

Ordinarily  there  are  given  the  following  q(Uantities 
Moduli  of  steel  and  concrete  tensile  and  compressive, strength 
of  concrete, sise  of  beaja  and  reinf orcejaent  ,vith  location  of 
latter. 
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There  are  three  conditions  to  'oe  dieterrained: 

Istjthe  distance  of  the  neutral  axis  fro/a  the  upper  face. 

2nd, proportion  of  steel 

3rd/  moment  of  resistance 

These  can  be  determined  by  the  algebraic  statement  of 
three  f  actsif  irst ,  the  total  force  of  compressioni  on  compressive 
side  eqiiala  the  total  force  of  tension  on  the  tension  side. 
Second, the  extension  of  steel  and  the  compression  of  concrete 
at  the  fibre  will  be  to  «aoh  other  as  the  distance  of  these 
materials  from  the  neutral  axis,   3rd, the  moment  of  external 
forces  on  one  side  of  the  section  about  the  neutral  axis  z:  the 
moment  of  resistiiig  stresses  on  the  section  about  the  sarae  axis. 

Prof.  Hatt  assumes  the  cixinre  of  compression  to  be  a 
parabola  and  the  tensional  stress  diagram  a  straight  line 
paralell  to  the  section, 

H  -z.  depth  of  beam 

"b  -widith  of  beam 
hx  r  distance   of  neutral   axis  from  top   of  beaia 
F -  area  of  concrete. 
F'  -  area  of   steel 

P  -  l'  i_  "to  i 

~  P  ~  75   100  generally 

x,u  &  p  are  ratios. 
/^    E  c  -Mod.  of  Elasticity  of  Concrete, 

_7     E  s  _  Mod.  of  Elasticity  of  Steel 
f    ^^  stress  of  steel 

c  ^  r  compressive  stress  in  outer  fibre  of  concrete 
t  ^  tensional      i»    «     i«       n  m 

Area  in  compression  -  2/o   c.h.x. 
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9. 

Tota.1  force   of  compression  -=   2/0   c.h.x.b. 

Moment    of  compression  abo\it   neutral  axis    -     2/3   c.h.x/1oo/8 
h,x.    (:^>^SSiE©>-5ySsHX) 

Total  force   of   tension   on  concrete    =    t  ,h,  (l"x)b*<. 
Moment   of   tension  al.out    the   neutral  axis   -s.  t,h    (l-x)"b,h 

2 

Tension  on  steel  :iP'f=  p  h  b  f 

Moment  of  this  tension  on  steel  about  the  neutral  axis - 
p  h  b,  fh  (n-x) 

■pro/a  fact(l)    previously   referred   to,v,-e  have   2/3   6  h  x  b  =: 
t  h    (1-x)  b-l-p  hb   f,or  2/3   c   x  =t    (l-x)+p   f      (l) 
^•ojii  Fact    3. 

M  -  2/3   e  h  X  b,5/8  h  X  -f  t  h    (l-x)     b  h   (I-x)j.  pbhfla 

2 

(ta-x) 

2  '       2  2  ^ 

M=b  h  Jt    (1-x)  4-  5/12  c  X  -f  p  f  (u-x)y  (2) 
t    2  J    « 

Let  e  t:  cofmression  of  fibres  by  cojapress  ion  tv*-^!,^  lengthening 

9 

Of  fibres  by   tension  of  steel, then  from  definitions  of  E,E  .  c 

From  fact    (2)  L  "^       -tf^ 

€£_   _  h  X  or  _c      Eg_.     X (3) 

TTs"  hTu-x)  f~Ej'     u-x 

Eliminate  fT'rom   (l)  &   (3) 

t(l-x)-/-p   c     Ee    ytU-x  2 

Sf  ^     X     -    3   ex.      (4) 

Having  assumed  c,t  E  -S:  E   as  well  as  u  and  f,from  equation  (3) 

c     s 
value  of  X  can  be  computed.  With  this  value  of  X,p  can  be  com- 
puted from  (4).   Then  with  these  values, having  given  yoiir 
moment  of  external  forces, the  value  of  h  can  be  found  froju  (2). 
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By   this  method  a  table  was  nade  Giving   the   value    of  M,x  and  p 
for  different   values    of   c. 

In   the   coruputat  ion   u  v/as   assumed   as    7/8,      This    gives   a  2    inch 
coverin^^^   for    the   steel   in   a   16    incii.   beara,      Tjiis   value    is   a 
little    low, but    it   allows   foi-   slight    irregularities    in  placing 
the    rods  by   the  v/orkmen.      A   r4d  raay  be   bent   slightly   and   if  not 
straightened  out  ma.y  be   at  a   greater   distance   froru  the   face  than 
1   inch   or   1   l/S   as    ordinarily  allowed. 

Design   of   Section   of   the   Crown. 

The   design   of   the   sections   at   various   panel  points   varies 
very  little   and   as   an   example, the   complete  v;ork   for   the   section 
at   the   crown  follows; 

IJie   vertical   dead   load        moment   at   the    crov/n  :;    -170564  In, 
lbs.      The  horizontal  dead   loax:        raODieiit  :=.  -1672'8  inch. lbs.      Li^ve 
loads  ,  vertical ,  1-2-5-7-8-9    on   the   arch  give   a  max  imuia  negative 
bending  moment   of   -194136   liach   lbs.      Horizontal  Live  Loads 
plaxed  at   these   points   give   a  moment    of-12-314   in.  lbs. 

Loads   placed  at   4-5-6   give   a  maximum  positive  moiaent    of 
-1-89132'  and  horizontal   loads    placed  at   these   points   give   a 
moment   of   -1284   ineli  lbs.      Live   loads   i/roducing  positive  moEient 
give   a   total  moment    for   the    crov;n   equal  to    -99444   inch.lVjs, 
Live    loads   rjroducing  negative  moment , give  a   total  negative  mom- 
ent   of  393742   inch. lbs.    The   negative  moment    of    tht  dead  load 
always   overbalances   the   positive  moment   of   the    live   load  and 
consequently  no   positive  moment   at   the   crown. 

The  horizontal   thrust   due   to   the    loads   giving   a  moment    of 
-393  742   equals    63280   lbs. 

Loads  giving  maximuxa    foment   usually  also   give   the  maximum 
thrust. 
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11. 

As  stated  before, it;  is  necessar;/  to  dt^aign  a  temporary 
value  for  thh    section  in  order  to  find  a  value  for  the  raoraent 
of  inertia. 

Assuming  an  allov/ed  value  of  1750  lbs.  per  sq.  inch  on  the 
concrete  to  resist  the  bending  moment  from  the  designing  table 

M  equals  3488  >&/ 


orJk.'      •    ~1_M 


3488 


M  equals  393742 

"  h   "    10.6  ". 

and  the  area  of  the  section  equals  12' X  10,6  or  127.2  " 

The  thrust  per  square  inch  on  the  section  then  equals 

63480  equals  500  # 
1272 

The  total  allowed  thrust  for  concrete  equals  2000  # 

The  direct  thrust  taking  500  #  of  this, the  amt.  left,  i.e., 

2000-500  or  1500  #  can  be  utilized  for  bending  moment.   A  new 

value  of  G.  must  therefor  be  chosen. 

Let  G  equal  1500, then  h  equals] /^95742'   equals  12:8" 

^        2686 

This   gives   an  area   of    12.2.  X  12     equals    1464   sq.    inch.      The 

thrust  then  Jer   square    inch  equals   63430  equals    433    lbs.      1500 

146.4 
plus    433,  equals   1933    lbs.   total   cojapression    on   concrete , well 

•jrithin  the   limit    of   2000  # 

F'or   this    value    of  8,x  equals    .336  h  or   4.06 

The  moment    of    inertia  equals  M  x  y  equals   393742  X  4.06 

c  1500 

equals   1068. 

The   laoment   at    the   cro/m   due    to  teraperature  equals   337  I 
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equals  5:}.700  "  It^s. 

The  horizontal  thrust  equals  Q96  I  equals  1602  Ihs. 

The  total  negative  moment  t/inrefor  equr^ls  -393742  -f^  51700  equals 

—445442 .   The  rainimiun  moment  equals  -99444  plus +51700  equals 

-  47744.  since  the  laoment  due  to  temperature  can  he  either 

negative  or  positive  accordingly  as  there  is  a  rise  or  fall  in 

temperat\ire,i.e.  ,the  moment  must  be  added  arithmetically  to  the 

moment  due  to  the  actual  loads. 

The  total  horizontal  thrust  equals  63280  plus  1602  equals 

64882,  Ihs. 

Thefe   are   the   fin^.l  figures  for  the   design  of   the   section 

Assunieil   c    equals    1500  # 

h  ="1/^15442^   equals  12^87  " 

26f2  .  / 

Area  of  section  equals  12  x  12.87  equals  154,24  's^.^^cM^ 

Pressure  *   64882   equals  418.-^. 
154.24 

The  total  compression  equals  1^0  plus  418  #  equals  1918  # 

Interpolating  for  a  new  value  of  c. 

2000-X918  equals  82,  Eet  c  equal  1500  plus  82  equals  1582 

lbs,  ror  this  value  of  c,by  interpolation  ^M  equals  2953  h 

h  equals]/445442  equals  12.28  " 

2953  . 

Pressur  e  equals  64882 eqiials  437,5  '-^"■ 

12.28  X  12  pi 

and  total  compression  equals  1582  plus  i^7.5  equals  2019,5  ^■ 

This  value  of  total  compression  is  a  little  too  large  and  a  new 

calculation  might  be  gone  through  out  for  all  practical  purposes 

h.  may  be  assumed  as  12, 3*  x,]For  c  equals  1582, is  equal  to 

,347  h  or  4:27  •.   ¥alue  of  p.  for  S  equals  1582  equals  .007fi 

or  the  area  of  steel  for  the  section  equals  ,00778  x  12  x  12.28 

equals  1.136  sq.  inch. 
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There  being  no  positive  moment, this  completes  the  design 
of  the  section  for  the  crovm. 

An  area  of  steel  equals  1,136  sq.  inches  for  a  width  of  12 
equals  practically  7/8  "  round  rods  spared  at  5  l/2  "  center  to 
center. 

The  sections  at  the  other  panel  points  are  calaulated  in 
a  similar  manner. 

When  the  values  of  x  and  h  have  "been  obtained, for  both 
positive  and  negative  bending  moments, for  every  panel  point, the 
values  of  h-x  are  laid  off  to  scale  above  the  parabola  f or 
pegsttiye  moment  and  belo\7  the  parabola  for  positive  ji^oi'ient  at 
the  proper  jjanel  points,  A  smooth  curve  draw?n  through  these 
points, one  above  and  one  below  the  parabolai  give  the  extradosal 
and  intradosal  lines  of  the  arch.   Under  no  circijimstances  ma;'' 
these  lines  go  within  the  plotted  points.  At  the  haunches  and 
even  at  the  other  points,^JC>saat  they  are  liable  to  fall  very  rmich 
outside  of  the  points , when  the  area  of  steel  may  be  decreased 
proportionally  to  its  increased  distance  from  the  neutral 
axis, the  parabola. 

The  area  required  for  shear  will  be  found  to  fall  v/ithin 
the  area  required  for  bending  moment  and  thrust  and, consequent- 
ly,no  reinforcement  is  required  for  this.   However  to  prevent 
any  tendency  of  the  steel  bars  on  the  lov;er  side  from  straight- 
ening  and  consequently  tearing  out  of  the  concrete  when  stretch- 

0 

ed,it    is  well  to   put    in    inclined  bars,  inclined  ab  nit  45    jhookirg 
the    lower  bars  to    the   upper  bars   and  thus   preventing  any  such 
tendency.      These  bars  will  also   take   up  any   shearing   stresses 
that  may  not  have  been  prepared  for. 
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Piers  and  abutments  were  designed  to  confonn  v/ith  the 
three  follov/ins  conditions. 

1st:  Area  of  base  must  be  sufficient  to  give  a  unit 
pressure  on  both  concrete  and  rock  foundation, less  than  the 
cruBhing  strength  of  curve. 

2ndi:   Line  of  stress, due  to  eccentric  !J.oading  must  fall 
within  the  middle  thirdi.  of  the  base. 

Srd:  The  angle  of  the  resultant  with  the  vertical, must  be 
less  than  the  angle  of  friction  of  the  rncaterial. 

The  method  used  for  first  is  obvious.   To  satisfy  the 
second  condition, the  loadimg  giving  max,  j,  and  Eiax,  -  M,  at  the 
abutments  was  considered  since  this  loading  gives  the  condition 
of  maximTjm  e'ccentricit^r  and  consequent  instability.   The 
eccentricity  is  equal  to  the  bending  nioment  divided  by  resultant 
of  the  vertical  and  horizontal  components  of  the  reaction  due 
to  the  loading. 

Piers  and  abutments  were  figured  ,   -graphically  and  all 
steel  used  in  thera  is  merely  for  bending  and  temperature  and 
not  to  resist  stresses  that  may  cojae  into  them  due  to  the  load- 
ir.g. 

The  Spandrel  Walls  were  figured  aa  horizontal  beams  be- 
tween buttresses  ,  the  latter  being  figured  as  cantilevers.   The 
sarae  designing  tables  were  used  as  those  for  the  arch  rib.  All 
other  wires  in  the  structure  are  for  the  purpose  of  preventing 
surface  cracks. 

The  railing  and  posts  were  copied  froju  the  Wabash  R.R.Co's 
design  of  Forest  Park  Bridge  at  St. Louis. 
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In  the    design   of  Reinforced   Concrete  Arch  many   assumijtiorB 
must  be   made.      Prof,    Greene  makes   assumptions    in  his    theory  of 
stresses    in  an   arch.   Prof  Hatts  Makes  assioraptions    in  his   theory 
or  Reiatance   of  Beams   to  flexure-.      Allowed  streaties    are   asauraed, 
large   factors    of   safety   or    ignorance   are   used  to    take   care   of 
our   lack  of  knov/ledge    in   regard   to   reinforced  concrete,   Hotv.'ith- 
otanding  all  this   until  we  have   a  fuller  knowledge   of  Reinforced 
concrete    (and   this   present   Reinforced   Concrete  fad  will  bring 
it    out), this  method  gives   us   a  means   of  designing  Concrete  Arches 
economically , Arches    that   will  hold   the    load  for  ^rissst    they   are 
designed  and  yet   have   no  more  material    in  them  than  seems 
necessary. 
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